Introduction
Bus network planning often focuses on service coverage to ensure the network provides a minimum spatial accessibility for users. Typically, service coverage is defined by a rule of thumb that the maximum walk distance for bus users is around 400m. However, mode shift towards public transport (PT) is more likely from increases in quality, particularly higher frequencies and journey times more similar to car travel times, better reliability and punctuality and reductions in crowding (for example Paulley et al., 2006; Currie & Wallis, 2008) ). This lends support to the alternative approach to network planning where resources are concentrated in corridors to provide higher frequency but, for a given budget, necessarily reduces coverage and leads to a longer walking distance to public transport stops. This latter approach has been associated with practice in Europe leading to significant increases in patronage (Nielson et al., 2005) .
The research question addressed by this paper is the extent to which travellers are willing to walk further to a more frequent bus service and how this might vary in different metropolitan areas. The results quantify the trade-off between the walk distance to bus stop and service frequency to inform policy as to whether passengers are willing to walk to services concentrated in corridors.
To investigate the travellers' choice between trading between the frequency of bus services and the walking distance to bus stops, a state of the art stated choice (SC) experiment is used together with advanced choice modelling methods. Whilst the focus of this research is the trade-off between walk distance and bus frequency, the choice models also take account of other drivers known to impact on a traveller's behavioural response to bus travel, including journey time and crowding on the vehicles. The experiment was conducted in the Australian capital cities of Brisbane, Sydney, Canberra, Melbourne, Different cities take different approaches and part of this is associated with having different urban forms and different amounts of walkability. Whilst approaches in cities vary, there is always a trade-off between coverage and frequency. In NSW, for example, Service Planning Guidelines aim to provide some evenness of coverage, by setting a target for the proportion of households that should be within a distance of 400m or 800m of public transport services, depending on the time of day (NSW Ministry of Transport, 2006) . The alternative, evolving from European experience (Nielson et al., 2005) has been to exploit the 'network effect' which is identified by concentrating resources and providing high frequency services in corridors. Frequency is particularly important because it reduces wait time, which is heavily weighted in the perception (disutility) of total journey time (Abtrantes & Wardman, 2011) . Table 1 provides a summary from the increasing diverse revealed preference (RP) literature as to the mean walking distance to PT services in different cities around the world. It includes only literature which has bus as one of the modes investigated. The table identifies the neighbourhood, socio-economic, trip attributes, built environment and natural features that are taken into account in the study. This shows how widely walking distance varies around the world but, as many of the studies are city specific, it is difficult to make a judgment as to whether experience is really different in different world cities when the same factors are taken into account. Moreover, these RP studies are limited by the observed actions of individuals and cannot investigate how people might behave under alternative future service level scenarios which is necessary to address the research question. In addition, many of these previous studies have compared the PT user's walking distance to two or more different modes of public transport, providing evidence that users will walk further to railed-based public transport providing more certain and often higher service frequency than traditional buses. The literature provides little evidence on the extent to which people will walk further to access the same PT service (defined by mode) but with higher service frequency, with Brons, Givoni and Rietvold (2009) being the only exception that has investigated this question in relation to rail services in the Netherlands. Brons et al., (2009) found rail demand is induced more by reducing travel time or travel distance to rail station than by improving service frequency, but this is at the cost of opening new stations to provide better accessibility.
Overall, there is a lack of quantitative evidence investigating the trade-off between the walk distance to bus stops and bus frequency which can be more easily integrated into network planning guidelines given the greater flexibility of bus network. This is, in essence, the research question this paper aims to address. The SP experiment presented in this paper investigates this trade-off in different cities with the results providing an evidence base as to whether the approach of concentrating resources in corridors is a network design that individuals are willing to use. 
SURVEY DESIGN, SAMPLING AND DATA STRUCTURE The Sample
The data were collected in October 2012 involving respondents residing in the Australian capital cities of Sydney (SYD), Melbourne (MEL), Brisbane (BRN), Adelaide (ADL), Perth (PER), and Canberra (CAN), and in London (LON), England, and New York (NY), Atlanta (AT), Chicago (CHI) and Los Angeles (LA) in the USA during February and March 2013. All these cities have significant and mature public transport systems where English is the main spoken language, allowing for a consistency in approach in data collection.
Participants were selected from the Pure Profile panel (www.pureprofile.com) in Australia, England, and the USA, given growing evidence that a consumer panel can deliver a representative sample if appropriate quota criteria are applied (see Macdonald et al., 2010; Lindhjem & Navrud, 2011) . Each of the panels have many thousands of participants in the chosen cities and PureProfile will not undertake a project if there is a belief that the target sample is unachievable. Participants were recruited using an online consumer panel (www.pureprofile.com). The total sample consisted of 1,467 respondents with over 100 from each city as shown in Table 2 . The average age of the sample ranged from 39.2 (LON) to 47.8 (BRN) years old and in all cities but London the sample consisted of more women than men. In each city, the majority of respondents said they worked fulltime. The sample profiles by city are presented in Table 2 . 
The Stated Choice Experiment
A SC experiment was used to collect data to examine the trade-off between access distance to bus services and service frequencies. An internet based survey instrument was used where respondents reviewed two hypothetical bus alternatives, or one bus and one train/light rail alternative at a time. The inclusion of non-bus alternatives masked the true focus of the survey from respondents and were removed from the current analysis. The alternatives in each task were described by four attributes: distance to bus stop, frequency of service, total journey time, and crowding level. The crowding level was described using pictures showing the number of seats occupied and the number of standing people. Although the overall objective of the study was to determine whether bus users are willing to walk further for a more frequent bus services, the journey time and crowding variables were included partly because these attributes have been shown to be important in the literature and partly because adding in additional attributes prevented respondents guessing the true intention of the survey and introducing bias. Each of these four attributes was then further described by four or more attribute levels, the values as shown in Table 3 . The levels for each design attribute were carefully selected to cover most of bus trips respondents are likely to experience in the urban settings of the cities considered in this study. For example, bus frequencies in these cities are likely to be in between 5 and 30 minutes while a majority of buses have a loading factor of 25% to 100% with a few people standing. The experiment used a dual response mechanism ) in which respondents faced both a forced and unforced choice although only the unforced choices are modelled here. Based on the attribute levels of the alternatives, respondents were asked to select the bus they most preferred, or select a no choice alternative. An example choice set is shown in Figure 1 . FIGURE 1 An example of a stated choice screen.
The experimental design underlying an SC experiment determines the final results of the study. This study used an efficient design which means that the levels are allocated to the choice tasks in such a way that the elements (or subsets thereof) of the variance-covariance (VC) matrix are expected to be minimised once data is collected. More specifically, a single Bayesian efficient design was generated for this study and consisted of 48 choice tasks blocked into eight sets of six choice tasks. In each set, two choice tasks involved a choice between bus and non-bus alternative, which were later excluded from the sample and analysis. The design was optimised for the unforced choice (consistent with the analysis conducted), and assuming an MNL model specification. Constraints were placed on the attribute level combinations throughout the design so that at least one of the two bus alternatives would have a shorter walking distance than the other, but could not be better on any of the other attributes (some, but not all attribute levels for the remaining attributes could overlap however).
The survey instrument randomly allocated each respondent one set of six choice tasks and asked them to complete all. Given the sample of 1,467 respondent, the total number of observations available for modelling was 5,868 (1467 × 4 = 8,868), after removing the data from the two tasks involving at least one non-bus alternative. It was a deliberate decision to provide the same survey design and attribute levels for each of the cities. Providing different design or attribute levels would make a comparative study, as in the current paper, difficult since identifiable differences could be attributed to difference in either survey design or travel behaviour, or both and it would not be possible to disentangle the two effects. Table 4 shows the number of choice tasks per city and the average values of the attributes described these choice tasks. Table 4 shows that the choice tasks assigned to respondents in different cities are very similar (one-way ANOVA test suggests no difference in the means of these attributes). Thus, any behavioural difference found between the cities can be attributed to cultural and/or environmental differences, as opposed to the surveys being different (because they are not). Table 5 provides the average attribute levels of the options selected by the respondents in different cities. In contrast to the similarities observed in Table 4 , respondents in different cities select bus options with significantly different access distance (the observed differences were verified wi0th one-way ANOVA test with the p-value given in the last column). Respondents in London and US cities appear to select a bus option with longer access distance (478 m to 508 m) than their Australian counterparts (429 m to 470 m). Compared to the average attribute levels presented in Table 4 , the selected options have better level of services, indicating that respondents are trading off the attributes between the two options and selecting the one that would give them higher utility. The percentage of respondents selecting neither bus options varies across cities, with London and Sydney having the lowest percentage of non-bus selection while Atlanta has the highest. Whilst not significantly different, US respondents appear to select options with fewer people standing on bus, compared to respondents in Australian cities or London. Percent chose neither bus 17% 22% 24% 24% 26% 26% 14% 19% 22% 33% 21% <.001 SYD = Sydney (Australia); MEL = Melbourne (Australia); BRN = Brisbane (Australia); ADL = Adelaide (Australia); PER = Perth (Australia); CAN = Canberra (Australia); LON = London (UK); NY = New York (US); ATL = Atlanta (US); CHI = Chicago (US); LA -Los Angeles (US).
MODEL SPECIFICATION

Model Formulation
The collection of data across a wide number of cities brings about a number of unique modelling challenges. First, such sampling requires that data for each city be treated as a separate dataset because preferences might differ across cities. If the sample indeed comprises of six different datasets then the direct comparison of model parameters obtained from independently estimated models is not generally possible given possible differences in scale (error variance). Likewise, simple comparisons of the log-likelihood functions and other model fit statistics are not possible given the non-nested nature of the datasets. The most common approach to a direct comparison of model parameters is to use the 'Nested Logit trick' to account for scale difference across datasets whereby the alternatives are grouped into dataset specific nests with any variance and preference differences being simultaneously estimated (Ben-Akiva & Morikawa, 1990; Bradley & Daly, 1991; Hensher & Bradley, 1993) . The main motivation for this modelling technique is that the mix of groups/datasets with different scales is accounted by the Nested Logit structural parameters (or inclusive value parameters).
Second, SC experiments provide pseudo panel data. Unlike most data, SC data typically involve the collation of multiple observations from each respondent, albeit during a single session. Failure to properly account for the pseudo panel nature of the data in the econometric modelling will at best affect only the standard errors of the model (and hence tests of parameter statistical significance) and at worst the parameter estimates themselves (see . As the NL model fails to account for this aspect of SC data, a panel version of the error component model to approximate the nesting structure of the NL model is used in this paper whilst at the same time also accounting for the pseudo panel nature of the data (Hensher, Rose & Green, 2008) . However, this model assumes heteroskedastic error terms across the subsets of alternatives and this restriction requires that at least one alternative be treated in a separate nest to other alternatives within a dataset for purposes of model identification. In the context of this paper, this means that for a given city, a specification with an error component associated with the two hypothetical bus alternatives can be used but this assumes the no-choice alternative has no associated error component so that the model structure suggests any differences in error variance are between the hypothetical and the no choice alternatives.
Third, some normalisation is required within the specification of error components when combining multiple datasets and accounting for possible differences in the scales of different datasets. If the error components for the no choice alternatives for each data sets are normalised (i.e., constrained to be equal to zero in each city), then it is necessary to constrain the error components of the hypothetical alternatives to be equal across the cities so that the model accounts for differences in the scale between datasets whilst recognising that the same choice tasks (i.e., hypothetical alternative) were used for all cities.
Incorporating the above comments, the modelling can be explained by letting 
Remaining differences in the variance of the error terms associated with different datasets are accounted by the specification of a scale d λ that interacts with the observed component of the utility as in Equation (2).
where d λ is the scale of dataset d. As with NL model, this scale parameter needs to be positive to be consistent with random utility theory. For model identification, it is necessary to normalise the scale of one dataset and allow the remaining scale parameters to be freely estimated.
It is important to recognise that in model (Currie & Wallis, 2008) only the error components n η are assumed to be randomly distributed. Unlike other models which assume random scale (e.g., the scaled MNL model (Breffle & Morey (2000 ), or Fiebeg et al., 2010 ). this model has fixed scale with the remaining preference parameters being treated as fixed so as to avoid issues of preference and scale confoundment (Hess & Rose, 2012) . Assuming the error terms
ε follows iid Extreme Value type 1 distributions, the probability that respondent n chooses alternative j in choice situation s is given as follows:
y be a dummy, equal one if alternative j is the chosen in choice situation s shown to respondent n, and zero otherwise. The panel model version of equation (Nielson et al., 2005 ) is used in this paper to describe the joint probability that respondent n makes a sequence of choices S. This can be written as:
Model Results
Model (4) was estimated using Python Biogeme 2.5 (Bierlaire, 2003; Bierlaire, 2008) running on an Artemis supercomputer at The University of Sydney. To estimate the standard deviation associated with the error components, we used 500 MLHS quasi Monte Carlo draws (Hess, Train & Polak) . For identification purposes, the scale of the Sydney data was normalised at 1. Also, to identify the relative difference in the scale associated with different datasets, at least one parameter must be generic across all datasets; the parameter of the journey travel time was chosen for this purpose since other attributes such as access distance, crowding level, and service frequency are specific to the bus network in each city while a minute travel time is perceived more or less the same by respondents in different cities. The suitability of these assumptions (scale difference across datasets and same sensitivity to journey time across cities) was verified with a log-likelihood ratio test by estimating a model without scales in which all parameters from all cities were allowed to be different and various models in which attributes other than the journey time was specified to have a generic parameter across the cities. Table 5 shows the log-likelihood values at conversion of these models which all have 76 parameters. As can be seen in Table 5 , the adopted model (grey-shaded) is better than or as good as other model specifications in terms of the goodness (i.e., log-likelihood value). Table 6 presents the estimation results of the preferred model. The model fits the data reasonably well (McFadden pseudo R 2 of 0.307) with all parameters having the expected sign. Table 6 shows that the scale parameters d λ for all cities are not statistically different from 1 (or from each other) based on t-tests. This suggests that the error variances across the datasets are not statistically different, and hence the datasets could be pooled with the parameter estimates for different cities directly compared. In contrast, the error component is significantly different from zero, supporting the hypothesis expounded within the literature that there exists a greater level of error variance for the hypothetical alternatives of a SC experiment, compared to the no-choice alternative. A statistically significant error component also suggests that there is a higher degree of substitution between the alternatives to which the error component belongs, indicating that respondents are more likely to trade between the two hypothetical alternatives than between one of the bus alternatives and the no-choice alternative. Turning to the design attributes (distance to stop, journey time, headway/frequency and crowding), it is expected that an increase in any of these attributes would result in lower utility, and this expectation is confirmed by the model parameters with the negative sign for all design attributes. Specifically, the model suggests that, all else being equal, respondents across all cities prefer shorter journey times, shorter walking distances (i.e., shorter access time), more frequent services (i.e., shorter waiting time), and less crowded buses (greater chance of a seat). The influence of crowding on individual preference was significant in all cities but respondents in different cities perceive crowding in different ways. Specifically, it appears that residents of NY, ATL and CHI cities prefer buses with a lower loading factor (i.e., less seats being occupied) whilst crowding only has a significant impact on bus users in Perth, Canberra, London and Los Angeles cities when the loading factor exceeds 80% and people start standing on the vehicles (i.e., the parameters associated with the number of people standing are significant for these cities while parameters for the percent of seats being occupied are not significant). In contrast, both bus loading factors and number of people standing on the bus have significant and negative impact on bus users in Sydney, Melbourne, Brisbane, and Adelaide cities.
How much further people are willing to walk for a better bus service does depend on sociodemographics and the country of location. Specifically, Australian men are more likely than Australian women to walk further for a better bus services whilst this gender difference is not observed in the USA and England. By contrast, American citizens aged 65+ are significantly less likely than younger Americans to walk further for better bus services. This age effect is observed amongst Australian and British citizens but it is not statistically significant.
To quantify the extent to which bus users are willing to walk further for a better bus service, whether it be more frequent (shorter waiting), quicker (shorter journey time), or less crowded, the marginal rates of substitution (MRS) are presented in Table 7 for each of the sampled cities. The MRS describes how many metres further an individual would willing to walk to a bus stop in exchange for an improvement in other attributes without changing the total utility (i.e., neither being better-off nor worse-off). Table 7 shows that on average, for a more frequent bus service represented by a ten minute decrease in headways, Sydney residents are willing to walk an additional 260m while the extra walking distances for Londoners and New Yorkers are 370m and 353m, respectively. One possible explanation for these observed differences may relate to the difference in urban form and the principles underpinning network planning in the studied cities. The built environment for walking is more pedestrian friendly in London compared to Australian cities and the urban form is more sprawling in Australia and the USA as compared to London. Moreover, the willingness to walk further may be affected by the expectations of public transport frequencies: in London and some of the US cities there are some very short headways which respondents would have experienced and perhaps be responding to whereas in Australian cities the expectation of different headways may be influenced by the experienced network planning of rather longer headways. Together this may result in Australians being willing to walk less far for a better frequency/shorter headway since their perceived potential gains in wait time due to shorter headways may not well compensate for the extra walk time, considering the higher penalty (or multiplier) associated with walking as opposed to waiting. Irrespective from what underpins the differences observed across the cities, these findings confirm the underlying hypothesis of this paper that people, regardless of the city in which they live, are willing to walk further to access more frequent bus services.
In terms of other service qualities, Table 7 shows that for a 10-minute reduction in travel time, respondents are willing to walk an extra distance of between 120m to 494m, depending on where they live. Therefore, the multipliers for walking time, as compared to journey time, is 2.20 in Sydney (i.e., 260/120 = 2.2), 2.30 in London and 1.73 in NY. These multipliers are in line with the literature which would suggest, with these results, that a minute waiting is perceived as 1.73 to 2.20 minutes longer than journey time in these cities. The literature has much less evidence on the impact of crowding on bus choice: this study suggests that US residents are much more sensitive to (over)crowding on buses as compared to Australians and Londoners. As respondents from all cities were assigned similar choice tasks with same variations in crowding levels (as shown in Table 4 ), the differences presented in this paper are unlikely to be an artefact of the survey design, but rather relate to culture and/or respondent's experience with crowding on buses in the different cities. 
CONCLUSIONS
The research question addressed by this paper is whether bus users with different cultural and environmental settings are willing to walk further to have more frequent bus services. Using a SC experiment to investigate travellers' trade-off between walk distance to bus stops and bus service frequency, this study provides evidence that, in all cities forming part of this paper's empirical setting, individuals are prepared to walk further for a more frequent service. The extent to which bus users are willing to walk further for a more frequent service varies by country of location. Travellers in Australian capital cities are prepared to walk further by between 226 m and 302m for a 10-minute reduction in service headways whilst Londoners and American travellers are willing to walk 350m -475m further for the same improvement in service frequency. The policy implications for network planning are that increasing frequency, even if it means travellers have to walk further to bus stops, will attract higher patronage. If budgets are fixed, this suggests that moving from a policy of ' coverage' to the 'European' approach of concentrating frequency in corridors is likely to be a good policy if increasing public transport patronage is desired. Of course, concentrating frequency in corridors will require some travellers to walk further to access bus based public transport and will require policy-makers to consider and implement complementary policies to ensure accessibility is not reduced for those travellers unable to walk the additional distance. This could take the form of lower frequency access services or more flexible services to provide on-demand access to high frequency corridors.
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